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Based on the universality argument, we propose the pos-
sibility that most of the critical fructuations near the QCD
critical point are traces of the tricritical point of the massless
theory. If this happens, the critical region is relatively large
and the enormous fluctuations in the baryon number density
may enable us to locate the tricritical point in the relativistic
heavy-ion collision experiments.
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It was suggested theoretically [1,2] and found on the
lattice [3] that QCD has a critical point of the second or-
der phase transition at nite temperature Tc and baryon
chemical potential µc (Fig. 1, point E). This point may
be accessible by relativistic heavy-ion collsion experi-
ments and several signatures to locate the point have
been proposed [4]. At the critical point, only the σ-eld
becomes massless and the universality class of this phase
transition is the same as that of the liquid-gas phase tran-
sition, or equivalently, that of the 3-dimensional Ising
model. On the other hand, QCD with two massless fla-
vors and the physical strange quark mass has the tricrit-
ical point associated with the restoration of chiral sym-
metry at (T, µ, m) = (Tt, µt, 0) (Fig. 1, point P) where m
is the light quark mass. At the tricritical point, masses
of the sigma eld and the pion elds become zero. It is
considered that a line of critical points emerges from the
tricritical point and E is the one which corresponds to





















FIG. 1. The phase diagram of QCD. Point P is the tricrit-
ical point of the massless theory and point E is the critical
point of the theory with physical light quark mass. The el-
lipsoid is the critical region of P and the shaded circle is the
critical region of E.
The tricritical point has its critical region which is a
sphare (or an ellipsoid) in the (T, µ, m) space centered
at (Tt, µt, 0). Inside the sphare correlation lengths of
both the sigma and the pions are very large compared
to the microscopic scale 1fm. Here an important ques-
tion arises: \Is the critical point at (Tc, µc, mphys) inside
the critical region of the tricritical point or not?" The
radius of the sphare cannot be determined by the uni-
versality argument alone. However, with the universality
argument alone, we can qualitatively investigate the phe-
nomenological consequences of both possibilities.
Inside the critical region, long wavelength physics of
the system can be described by the Ginzburg-Landau
potential with the φ6 interaction








where φ is the order parameter eld and Γ0 is the contri-
bution from short wavelength physics irrelevant to the
study of critical phenomena. At the tricritical point,
a = b = m = 0 and the associated universal behaviors
are dictated by the mean eld theory (up to logarithmic
corrections). If we increase m from zero, at some point
(T (m), µ(m), m) in the (T, µ) plane two minima and a
maximum of the potential coalesce. This is the critical
point and its universal critical phenomena are the same
as that of the 3D Ising model. Therefore, if we assume
that the point (Tc, µc, mphys) is inside the critical region,
the crossover of the universal behaviors happens as we
approach the critical point (not to be confused with the
crossover phase transition at lower chemical potentials).
By denition of the critical region, the correlation length
of the pions are still very large near the critical point. In
other words, the mass of the pion is much smaller than
its vacuum value. To exhibit the universal behavior of
the Ising model, the correlation length of the sigma must
considerably exceed the pion correlation length such that
the sigma mode is distinguished. Thus, the critical re-
gion of the critical (not tricritical) point is small and the
critical behaviors, if observed, are likely to be those of the
mean eld theory. Such a crossover was experimentally
observed in an antiferromagnet dysprosium aluminium
garnet (DAG) long ago. The critical exponent β for the
magnetization qualitatively changes from the mean eld
value (β = 1) to the Ising model value (β ’ 0.31) as
we approach the critical point [5], which is in accordance
1
with the general theory of the tricritical point [6].
What are the signatures of the tricritical point? The
mean eld theory [6] tells that, in an antiferromagnet,
the susceptibilities to the staggered magnetic eld (the
ordering eld) and the susceptibility to the magnetic eld
(the non-ordering eld) are both divergent at the tricrit-
ical point. In the language of QCD, this means that the
fluctuations of the baryon number as well as the order
parameter elds are enormous and the baryon number
susceptibility [7,8] becomes innite [9]. Although some-
what smeared by the small but nite quark mass, this
large fluctuations in the baryon number originating from
the hidden tricritical point will be reflected in certain
observables of the relativistic heavy-ion collision exper-
iments. For example, the event-by-event fluctuation of
the baryon number density devided by the entropy den-
sity h(B)2i/S, which was originally introduced in [10]
to probe the deconned phase, may be one of such ob-
servables. Since the entropy is continuous during the
second order phase transition, we expect a relative en-
hancement of this quantity due to the presence of the
tricritical point.
On the other hand, if the point (Tc, µc, mphys) is far
from the tricritical point, arguments based on (1) is less
reliable. The pion mass is close to its vacuum value and
the correlation length of the pion is short. Thus, the crit-
ical region of the critical point becomes larger as shown
in Fig. 1. This eect is also observed in DAG [5]. In
spite of the enlargement, however, the asymptotic Ising
model exponents were found to be still hard to obtain.
I would like to thank T. Kunihiro and M. Asakawa for
helpful comments.
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